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(54) GROUP VELOCITY DISPERSION MEASURING DEVICE AND GROUP VELOCITY DISPERSION 
MEASURING METHOD 



(57) A group velocity dispersion measuring device 
capable of measuring group velocity dispersion (GVD) 
with a simple configuration and in a shot time, compris- 
ing an FSF laser (FSFL) (2) for generating frequency 
chip light, an optical amplifier (AMP) (3) for amplifying 
the frequency chirp light, an optical coupler (4), a circu- 
lator (5) for branch-controlling optical signals, a photo- 
detector (6) for receiving a ray of light before and after 



its propagation through an optical fiber (1) to be meas- 
ured, and an RF spectrum analyzer (RFSA) (7) for ob- 
serving an optical spectrum waveform. Beat signals 
generated between chirp lights before and after the 
propagation, through the optical fiber (1) to be meas- 
ured, of frequency chirp light emitted from the FSF laser 
(2) are alternately observed to calculate a GVD value 
from frequency differences between these beat signals. 
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Description 

Technical Field 

[0001] The present invention relates to group-veloci- 5 
ty-dispersion measuring devices and group-velocity- 
dispersion measuring methods for measuring the group 
velocity dispersion of optical fibers. 

Background Art 

[0002] In the field of long-distance optical communi- 
cation, as the performance of optical communication 
systems has increased, management and control of the 
wavelength dispersion characteristics of optical fibers 
have become important issues. 
[0003] Generally, optical fibers have a negative group 
velocity dispersion (GVD) in wavelength bands used for 
optical communication (for example, the 1 .55 p.m band). 
The GVD is one reason for the deterioration of the trans- 
mission characteristics of optical-pulse signals. There- 
fore, it is necessary to control and compensate for the 
dispersion characteristics of optical transmission paths, 
and it is very important to measure the total amount of 
dispersion of optical fibers. 

[0004] One GVD measuring technique uses a varia- 
ble-wavelength CW light source or pulsed light source 
to measure the wavelength dependency of the optical 
propagation time. In this technique, multiple-point 
measurement is employed with the use of wavelength 
as a parameter. This measurement takes a long time, 
and therefore it is difficult to control the GVD character- 
istics in real time. 

[0005] The present inventors have previously pro- 
posed a new GVD measuring method which uses an 
optical frequency domain reflectometry (OFDR) method 
("Optical-Fiber Group-Velocity-Dispersion Measure- 
ment Using Frequency-Shifted Feedback Laser" by Ma- 
sato Yoshida, Toshiyuki Miyamoto, Takefumi Hara, 
Koichiro Nakamura, and Hiromasa Ito, in Technical Re- 
port of the Institute of Electronics, Information and Com- 
munication Engineers, OCS 98-103 (1999), 25). The 
present inventors have also proposed a GVD measuring 
device using a frequency-shifted feedback laser (FSF 
laser) as a frequency-chirped light source ("Automatic 
Group-Velocity-Dispersion Measuring System using 
Frequency-Shifted Feedback Fiber Laser" by Toshiyuki 
Miyamoto, Masato Yoshida, Takefumi Hara, Koichiro 
Nakamura. and Hiromasa Ito. in the Proceedings of 
Spring Conference of the Institute of Electronics, Infor- 
mation and Communication Engineers, C-3 (1999)). 
[0006] The GVD measuring method which the 
present inventors have previously proposed directly cal- 
culates the GVD value of an optical transmission path 
according to the change in optical chirp rate during light 
propagation, and one feature is the short time required 
for measurement. 



Disclosure of invention 

[0007] Fig. 13 is a typical view showing an outline of 
the GVD measuring method previously proposed by the 
present inventors. In the GVD measuring method shown 
in the figure, a self-delay heterodyne detection signal is 
to be measured. In this measuring method, frequency- 
chirped light emitted from an FSF laser propagates 
through an optical fiber 1 (to be measured) under test 
(FUT), and the spread of the spectrum of a beat signal 
is used to calculated the GVD value. 
[0008] More specifically, a light source is connected 
to a first terminal, and photoelectric conversion means 
is connected to a second terminal at one end of optical 
branch means 100. The optical fiber under test 1 is con- 
nected to the terminal at the other end. Frequency- 
chirped light (measurement light) output from the light 
source is branched by the optical branch means 100 in 
two directions. One frequency-chirped light beam is in- 
cident on the optical fiber 1 under test. The chirp rate of 
the measurement light which propagates in the optical 
fiber 1 under test varies according to the effect of the 
wavelength dispersion of the optical fiber 1 under test. 
Light reflected from the output end or others of the op- 
tical fiber under test is emitted from the input end and 
received by the photoelectric conversion means through 
the optical branch means 100 to receive a beat signal. 
The received beat signal is used to calculate the GVD 
value. 

[0009] In the above-described measuring method, 
however, a measurement error is large due to fluctua- 
tions in the length of the optical fiber under test, and 
therefore, the measurement accuracy is limited (to, for 
example, 0.36 ps/nm/km). 

[0010] The present invention has been made in con- 
sideration of the foregoing points. An object of the 
present invention is to provide a group-velocity-disper- 
sion measuring device and a group-velocity-dispersion 
measuring method which can measure the GVD with a 
simple configuration within a short time. In other words, 
an object of the present invention is to measure the GVD 
value at high speed in a short time by calculating the 
GVD value from the difference of the frequencies of the 
beat signals generated between multiple flrequency- 
chirped light beams at equal frequency intervals, ob- 
tained before and after propagation through the optical 
fiber under test, compared with a conventional method 
in which measurement is perfonmed at many points by 
the use of the wavelength of a measurement light source 
as a parameter. 

[0011] Another object of the present invention is to 
use the OFDR method for a frequency-chirped light 
source in measurement to allow the measurement to be 
performed only at an input end of the optical fiber under 
test and also to allow the measurement to be easily ap- 
plied to existing optical transmission networks. Further, 
still another object of the present invention is to improve 
the measurement accuracy by stabilizing the laser cav- 
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ity, and extending the oscillated spectrum width. 
[0012] To solve the above-described problems, ac- 
cording to first solving means of the present invention, 
a group-veloclty-dlspersion measuring device is provid- 
ed, including 5 

chirped light generating means for generating at 
least two frequency-chirped light beams at a predeter- 
mined frequency interval, or multiple frequency-chirped 
light beams at equal frequency intervals; 

frequency-change-amount detecting means for io 
detecting the frequency-change-amount of beat signals 
generated between chirped light beams obtained before 
and after the frequency-chirped light beams generated 
by the chirped light generating means propagate 
through an optical fiber under test; and i5 

group-velocity-dispersion detecting means for de- 
tecting the group-velocity-dispersion value of the optical 
fiber under test based on the amount of change detected 
by the frequency-change-amount detecting means. 
[0013] According to second solving means of the 20 
present invention, a group-velocity-dispersion measur- 
ing method is provided, including a step of generating 
at least two frequency-chirped light beams at a prede- 
termined frequency interval, or multiple frequency- 
chirped light beams at equal frequency intervals; 25 

a step of propagating the frequency-chirped light 
beams, generated in the step of generating, through an 
optical fiber under test; 

a step of detecting the amount of frequency 
change of the beat signals generated between chirped 30 
light beams obtained before and after propagation; and 

a step of detecting the group-velocity-dispersion 
value of the optical fiber under test based on the detect- 
ed amount of change. 

[0014] Further, in the present invention, since the 35 
change in frequency of the beat signals generated be- 
tween multiple frequency-chirped light beams at equal 
frequency intervals, obtained before and after propaga- 
tion through an optical fiber under test, is detected and 
the group velocity dispersion is obtained according to ^0 
the result of that detection, the group velocity dispersion 
of the optical fiber under test can be measured simply 
and quickly. In addition, in the present invention, since 
the OFDR method is used for measurement, the meas- 
urement can be performed only at an input end of the ^5 
optical fiber under test and can also be easily applied to 
existing optical transmission networks. Further, in the 
present invention, since the change in beat frequency 
is detected from the shift between the center frequen- 
cies of the frequency-chirped light beams obtained be- so 
fore and after propagation through the optical fiber un- 
der test, the change can be easily detected. Further, in 
the present invention, since the shift between center fre- 
quencies is detected by taking the results of multiple ob- 
servations of the spectral profiles Into consideration, the ss 
measurement error can be offset. 
[0015] Further, In the present invention, since a fre- 
quency-shifting element is inserted into a ring cavity, 



and first diffraction light frequency-shifted by the Dop- 
pler effect is fed back, multiple frequency-chirped light 
beams at equal frequency intervals can be generated. 
In addition, in the present invention, a bandpass filter 
disposed in the ring cavity can tune the oscillated wave- 
length. Alternatively, in the present invention, an acou- 
sto-optic tunable filter (AOTF) can be used as a frequen- 
cy-shifting element to electronically tune the oscillated 
wavelength by the driving frequency of the filter. Further, 
in the present invention, an all-fiber acousto-optic ele- 
ment using an optical fiber as a medium can be used as 
the frequency-shifting element, so that the measuring 
device has an all-fiber configuration. Furthermore, in the 
present invention, it is possible that frequency-chirped 
light whose oscillated frequency shifts with time is 
branched, a delay is applied to one light beam, and that 
light beam is coupled with the other light beam to gen- 
erate multiple frequency-chirped light beams at equal 
frequency intervals. 

Brief Description of the Drawings 

[0016] 

Fig. 1 is a view describing the principle of GVD 
measurement performed by a group- velocity-dis- 
persion measuring device according to the present 
invention. 

Fig. 2 is a block diagram showing the entire config- 
uration of a group-velocity-dispersion measuring 
device according to a first embodiment of the 
present invention. 

Fig. 3 is a typical view of instantaneous frequency 
components of an FSF laser output. 
Fig. 4 is a block diagram showing a detailed struc- 
ture of an FSF laser. 

Fig. 5 is a view showing the observation results of 
the oscillated spectrum of the FSF laser shown in 
Fig. 4, made by an optical spectrum analyzer. 
Fig. 6 is a spectral-profile view of the beat signals 
generated between chirped light beams obtained 
before and after propagation through an optical fib- 
er under test. 

Fig. 7 is a view showing the results of GVD meas- 
urement. 

Fig. 8 is a histogram showing the results of one hun- 
dred GVD measurements. 
Fig. 9 is a block diagram showing the entire config- 
uration of a group-velocity-dispersion measuring 
device according to a second embodiment of the 
present invention. 

Fig. 10 is a view showing a structural view of chirped 
light generating means according to a second em- 
bodiment. 

Fig. 1 1 is a view showing a structural view of chirped 
light generating means according to a third embod- 
iment. 

Fig. 12 is a view showing a structural view of chirped 
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light generating means according to a fourth em- 
bodiment. 

Fig. 13 is a typical view describing an overview of 
the GVD measurement method which the present 
inventors have previously proposed. 

Best IVIode for Carrying Out the Invention 

[0017] A group'velocity-dispersion measuring device 
and a group-velocity-dispersion measuring method ac- 
cording to the present invention will be specifically de- 
scribed with reference to the drawings. In the present 
invention, the GVD is measured mainly by using Optical 
Frequency Domain Reflectometry (OFDR). 
[001 8] First, the principle of the present invention will 
be described. When frequency-chirped light, whose fre- 
quency varies with time, propagates through an optical 
fiber, the chirp rate yof the light changes due to the GVD 
effect of the optical fiber. The chirp rate is the speed at 
which the frequency of the light changes. The chirp rate 
y obtained after the light propagates through the optical 
fiber is given by the following expression: 

y = y + y^^DLi^lc ^ ^ ^ x^DLylc (1) 
l + rDLy/c 

where T^DUc is the amount of change in the 
chirp rate, X indicates the center wavelength of the fre- 
quency-chirped light source, D indicates the GVD value 
of the optical fiber, L indicates the optical fiber length, 
and c indicates the velocity of light. Expression (1) states 
that the GVD value of the optical fiber is directly meas- 
urable from the amount of change in the frequency chirp 
rate. 

[0019] Fig. 1 is a diagram describing the principle of 
the GVD measurement in the group-velocity-dispersion 
measuring device according to the present invention. 
The GVD measuring method of the present invention 
employs an optical self-beat signal. In this measuring 
method, multiple frequency-chirped light beams having 
a time delay AT serve as light sources, and the center 
frequency of the beat signal generated between fre- 
quency components is to be measured. 
[0020] More specifically, the light source Is connected 
to a first terminal (upper-left terminal in the figure) and 
photoelectric conversion means is connected to a sec- 
ond terminal (lower-left terminal in the figure) on one 
side of a circulator 5. An optical fiber 1 under test is con- 
nected to a terminal (right-hand terminal in the figure) 
on the other side. Frequency-chirped light (measure- 
ment light) emitted from the light source is incident on 
the optical fiber 1 under test through the circulator 5. At 
this point, the chirp rate of the measurement light prop- 
agating through the optical fiber 1 under test varies due 
to the wavelength dispersion effect of the fiber 1 under 
test. Reflected light from an output end (or from a re- 
flecting mirror provided at the output end) of the optical 



fiber under test is emitted from the input end of the op- 
tical fiber 1 under test, and is received by the photoe- 
lectric conversion means via the circulator 5, so that a 
beat signal is received. The GVD value is calculated by 
5 using the beat signal received. 

[0021] With the amount 5fB of change in the beat fre- 
quency before and after propagation through the optical 
fiber 1 under test, the GVD value D is given by the fol- 
lowing expression: 

D = c5fB / X^Y^AT (2) 

When the GVD value D is obtained based on ex- 
pression (2), the measurement accuracy of the total 
amount of dispersion DL of the GVD is limited according 
to the reading accuracy of the beat frequency. There- 
fore, a light source having high chirp linearity and a wide 
frequency chirp range is useful for measurement. 
[0022] Fig. 2 is a block diagram showing the entire 
configuration of an embodiment of the group-velocity- 
dispersion measuring device according to the present 
invention. The group-velocity-dispersion measuring de- 
vice in Fig. 2 includes an FSF laser (FSFL, serving as 
chirped light generating means) 2 for generating fre- 
quency-chirped light, an optical amplifier (Amp) 3 for 
amplifying the frequency-chirped light, a optical coupler 
4, a circulator 5 for controlling optical-signal branching, 
an photodetector 6 for receiving light beams obtained 
before and after propagation through the optical fiber 1 
under test, an RF spectrum analyzer (RFSA, serving as 
frequency-change-amount detecting means and spec- 
trum observing means) 7 for observing optical spectral 
profiles, and a computer (PC, serving as center frequen- 
cy detecting means) for detecting a GVD value based 
on the observation results of the RFSA 7. A reflecting 
mirror may be provided at the output end of the optical 
fiber 1 under test (a temiinal at the opposite side of the 
circulator 5) or in the vicinity thereof. 
[0023] The group-velocity-dispersion measuring de- 
vice alternately observes beat signals generated be- 
tween chirped light beams obtained before and after 
multiple frequency-chirped light beams emitted from the 
FSF laser 2 propagate through the optical fiber 1 under 
test (for example, an SMF having a fiber length of 20 
km), and calculates the GVD value from the differences 
between the beat frequencies of these beat signals. The 
photodetector 6 and the RFSA 7 can detect the beat fre- 
quencies obtained before and after the frequency- 
chirped light propagates through the optical fiber 1 un- 
der test when a selector switch is provided, or when a 
detection signal is transmitted in a time-division manner. 
[0024] Now, the FSF laser 2 for producing frequency- 
chirped light will be described in detail. 
[0025] The FSF laser 2 shown in Fig. 2 has an acou- 
sto-optic modulator (AOM) serving as a frequency-shift- 
ing element inside a cavity, and feeds back first diffrac- 
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tion light frequency-shifted by the Doppler effect to gen- 
erate laser light. 

[0026] The Inventors have theoretically and experi- 
mentally found that the instantaneous frequency com- 
ponent of the output from the FSF laser 2 is composed 
of multiple components (chirped frequency comb) which 
chirp with time. In such a cavity, a standing wave cannot 
exit, and the instantaneous frequency Vj(t) is given by 
expression (3): 




[0027] In expression (3), Trj indicates the cycle time 
of the cavity (1/trt is the longitudinal-mode frequency 
of the cavity), vpg indicates the amount of frequency- 
shifting per cycle of the cavity, and q is an integer. 
[0028] In a frequency-shifted feedback type cavity 
used for the FSF laser 2, the instantaneous frequency 
allowed at a certain moment exists in every cavity lon- 
gitudinal-mode frequency {Mirj) interval, and frequen- 
cy chirping is continuously applied to individual instan- 
taneous frequency components (frequency comb com- 
ponents) at a rate (y = v^^/x^j) equivalent to the amount 
of frequency shift per cycle of the cavity. The frequency 
chirp range vg^ is limited to a certain range by the spec- 
tral profile of the gain medium, and each frequency com- 
ponent is frequency-chirped with its intensity being 
changed according to the spectral gain profile. 
[0029] Fig. 3 is a diagram showing typical instantane- 
ous frequency components of the output of the FSF la- 
ser 2. In the figure, gray levels show intensity changes. 
The chirp rate y is given by Vps/tRj. 
[0030] Now, the principle of the GVD measurement 
using the FSF laser will be described. 
[0031] The output of the FSF laser is formed of a 
chirped frequency comb in which chirping frequency 
components exist at equal time intervals AT=1/vp3 in a 
comb-like manner, and a self-beat signal is generated 
at equal frequency intervals. When the GVD is meas- 
ured with the above-described method using the beat 
signals, the relationship indicated by expression (2) be- 
comes the following expression: 

D = c5fBNTRT^/N?i'^Lvps (4) 

where, 5fBN indicates the change in frequency of the 
beat signal generated between one frequency comb 
component and the N-th frequency comb component 
therefrom, and N is defined as the beat order. Expres- 
sion (4) states that, when a higher-order beat signal is 
used, higher measurement accuracy is obtained. The 
perfonnance of the light detection system determines 
the measurement accuracy. 

[0032] Fig. 4 is a block diagram showing a detailed 



configuration of the FSF laser 2. The FSF laser 2 is a 
ring-shaped laser cavity using an acousto-optic modu- 
lator (AOM, whose propagation medium is, for example, 
Te02) serving as a frequency-shifting element. In the la- 

5 ser cavity, there are provided an erbium-doped fiber 
(EDF, having, for example, an Er^'^-doping concentra- 
tion of 900 ppm and a fiber length of 15 m) 22 having a 
high compatibility with the optical fiber; wavelength di- 
vision multiplexing couplers (WDM) 23 on which light 

10 from semiconductor lasers (LD, having, for example, a 
width of 1.48 ^m and a maximum excitation power of 67 
mW) is incident, the lasers serving as excitation light 
sources; optical isolators (Ol) 24; an output coupler 
(whose branching ratio is, for example, 90:10 (10 dB)) 

15 25; a polarization controller (PC) 26; collimators 27; a 
bandpass filter (6PF) 28; and a signal generator (SO) 
29 for driving the AOM 21 . 

[0033] The AOM 21 is inserted between the pair of 
collimators 27, and the optical coupling efficiency, in- 

20 eluding its diffraction efficiency, is, for example, 25%. 
The amount vpg of frequency shift per cycle of the cavity 
is equal to the driving frequency of the AOM 21, for ex- 
ample, 120 MHz, and the cavity longitudinal-mode fre- 
quency 1/trt is, for example, approximately 7.60 MHz. 

25 Thereby, the chirp rate y = vps/iRj expressing the speed 
at which the frequency changes becomes 912 THz/s. 
[0034] Fig. 5 is a diagram showing observation results 
of the oscillated spectrum of the FSF laser 2 shown in 
Fig. 4, using an optical spectrum analyzer (OSA). In this 

30 example, laser output light is composed of the chirped 
frequency comb components (chirped frequency comb) 
whose intensity changes along the spectral profile. The 
frequency chirp range Vqvv was 90 GHz, obtained from 
the full width at half maximum of the oscillated spectrum. 

35 The oscillated wavelength X was tuned by a BPF insert- 
ed in the cavity and a tuning range of 1530 to 1560 nm 
was obtained. 

[0035] An acousto-optic tunable filter (AOTF) can be 
used instead of the AOM as a frequency-shifting eie- 

40 ment. The AOTF is a frequency-shifting element having 
narrow-band wavelength transmission characteristics. 
Since the oscillated wavelength becomes electronically 
tunable by using the AOTF, the BPF in the cavity is not 
necessary, and the configuration of the device is thus 

45 simplified. 

[0036] Next, the results of the GVD measurement will 
be described. In the embodiment, as an example, a 
GVD measurement experiment was performed by using 
an photodetector having a bandwidth of 1 GHz, and a 

50 beat signal of order N = 1 31 (N/trj = 995.6 MHz). Since 
the oscillated spectrum of the laser has nearly a gaus- 
sian profile, the beat spectrum observed by the RFSA 
7 was approximated to a gaussian waveform to obtain 
the center frequency of the beat signal. In more detail, 

55 the oscillated wavelength was tuned by the bandpass 
filter (BPF) 28 inserted in the laser cavity, that is, the 
FSF laser 2 in Fig. 4, and the GVD value in the optical 
communication wavelength range (for example, 1530 to 
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1560 nm) was measured based on expression (2). de- 
scribed above. 

[0037] Fig. 6 Is a view of the spectral profiles of self- 
beat signals of light obtained before and after the fre- 
quency-chirped light propagates through the optical fib- 
er 1 under test. The solid lines indicate the measured 
profiles, and the dashed tines indicate gaussian-approx- 
imation profiles. Here, as an example, each beat spec- 
trum shows the average of 50 spectra, and the measur- 
ing time was 15 seconds or less. The amount ^fs^3^ of 
change in the center frequency obtained after the prop- 
agation in an SMF is ^fs^2^ ~ '''5-00 kHz, and by substi- 
tuting this value into expression (4) (or expression (2)), 
the GVD value D obtained is D = 17.0 ± 0.14 ps/nm/km. 
[0038] Fig. 7 is a view showing the results of measur- 
ing the GVD, and indicates the relationship between the 
output wavelength and the GVD value. As shown in Fig. 
7, the GVD value changes approximately linearly with 
wavelength, and this verifies the suitability of the present 
method. Since the EDF, serving as a gain medium, has 
a low gain at a wavelength of around 1540 nm, the width 
of the oscillated spectrum is reduced and therefore re- 
duces the GVD measurement accuracy to some extent, 
but, on the whole, it does not have much Influence and 
linearity can be observed. 

[0039] Fig. 8 is a histogram showing the results of 1 00 
GVD measurements. In this example, the standard var- 
iance of the measurement values is 0.1.4 ps/nm/km. One 
factor for the reduction in measurement accuracy is the 
reading error of the center frequency of the self-beat sig- 
nal, caused by changes in the cavity length. By using a 
higher-order self-beat signal for measurement, the 
amount of variation of the center frequency due to the 
effect of the GVD is increased, and the measurement 
sensitivity improves, but at the same time, a measure- 
ment error due to the variation in the cavity length in- 
creases in some cases. As ways to improve the meas- 
urement accuracy, stabilizing the cavity length, increas- 
ing the bandwidth of the photodetector system, and si- 
multaneously measuring the beat-signals of the light ob- 
tained before and after propagation through the optical 
fiber can be performed. 

[0040] Next, other embodiments and modifications of 
the present invention will be described. 
[0041] In the present invention, in order to obtain the 
change in frequency automatically, as the frequency- 
change-amount detecting means, spectrum observing 
means for observing the spectral profile of the beat sig- 
nal, and center-frequency detecting means for detecting 
the center frequency of the beat signal by approximating 
the spectral profile observed by the spectrum observing 
means may be provided. In this case, the frequency- 
change-amount detecting means detects the amount of 
change in the beat frequency from the shift between the 
center frequencies obtained before and after the fre- 
quency-chirped light propagates through the optical fib- 
er under test. Further, the frequency-change-amount 
detecting means may detect the shift between the cent- 



er frequencies obtained before and after propagation of 
the frequency-chirped light, based on resultant spectral 
profiles observed multiple times by the spectrum ob- 
serving means. 
5 [0042] Fig. 9 is a block diagram showing the entire 
configuration of a group-velocity-dispersion measuring 
device according to a second embodiment of the 
present invention. Here, first and second frequency 
counters 61 and 62 are further provided. The first and 
the second frequency counters 61 and 62 measure the 
center frequencies of the self-beat signals of light beams 
obtained before and after propagation through the opti- 
cal fiber under test. Thereby, the beat signals obtained 
before and after propagation through the optical fiber 
under test can be simultaneously measured. Bandpass 
filters 63 and 64 are provided at the input sides of the 
frequency counters 61 and 62, respectively, so that only 
desired signals are input. A computer (PC) 8 for detect- 
ing the GVD value according to the measurement re- 
sults of the beat frequencies by the frequency counters 
61 and 62 is provided. 

[0043] Chirped light generating means according to 
other embodiments will be described below. These 
chirped light generating means have configurations 
which can be substituted for the FSF laser 2 in the meas- 
uring device described above. 
[0044] Fig. 1 0 is a structural view of chirped light gen- 
erating means according to a second embodiment. An 
acousto-optic tunable filter (AOTF) 200 is used as the 
frequency-shifting element shown in Fig. 4, and the BPF 
28 is omitted. The oscillated wavelength can be elec- 
tronically controlled when the PC 8 controls the signal 
generator 29 serving as a driving signal source. 
[0045] Fig. 1 1 is a structural view of chirped light gen- 
erating means according to a third embodiment. An all- 
fiber acousto-optic modulator (all-fiber AOM) 300 using 
an optical fiber as a medium is used as the frequency- 
shifting element shown in Fig. 4, and the collimators 27 
are omitted, so that the measuring device can have an 
all-fiber configuration. 

[0046] Fig. 1 2 is a structural view of chirped light gen- 
erating means according to a fourth embodiment. 
[0047] Chirped light generating means 400 includes 
a frequency-chirped light source 401 whose oscillated 
frequency shifts with time, and an optical-branching 
coupler 402 for branching light emitted from the frequen- 
cy-chirped light source 401 , applying a delay 403 to one 
light beam, and coupling that light beam with the other 
light beam. With such a configuration, at least two fre- 
quency-chirped light beams can be generated. 
[0048] Note that, any appropriate light source whose 
oscillated frequency shifts with time can be employed 
as the frequency-chirped light source. Further, instead 
of measurement being performed at the input side of the 
optical fiber under test 1 , as described above, a meas- 
urement system may be provided at the output side. 



15 



20 



25 



30 



35 



40 



45 



50 



6 



11 EP 1 258 718 A1 1 



Industrial Applicability 

[0049] As described above in detail, according to the 
present invention, a group-velocity-dispersion measur- 
ing device and a group-velocity-dispersion measuring 
method which can measure the GVD with a simple con- 
figuration within a short time are provided. In other 
words, according to the present invention, a GVD value 
is calculated from the difference in frequency of beat sig- 
nals generated between multiple frequency-chirped 
light beams at equal frequency intervals, obtained be- 
fore and after propagation through the optical fiber un- 
der test, so that the GVD value can be measured in a 
short time, compared with a conventional method in 
which measurement is performed at many points by us- 
ing the wavelength of a measurement light source as a 
parameter. 

[0050] Since the OFDR method is used for measure- 
ment, measurement at an input end of the optical fiber 
under test is possible and can be easily applied to ex- 
isting optical transmission networks. Further, according 
to the present invention, by stabilizing the laser cavity 
length, and increasing the frequency chirp range, the 
measurement accuracy is improved. 



Claims 

1 . A group-velocity-dispersion measuring device com- 
prising: 

chirped light generating means for generating 
at least two frequency-chirped light beams at a 
predetermined frequency interval, or a plurality 
of frequency-chirped light beams at equal fre- 
quency intervals; 

frequency-change-amount detecting means for 
detecting the frequency-change-amount of 
beat signals generated between chirped light 
beams obtained before and after the frequen- 
cy-chirped light beams generated by the 
chirped light generating means propagate 
through an optical fiber under test; and 
group-velocity-dispersion detecting means for 
detecting the group-velocity-dispersion value 
of the optical fiber under test based on the 
amount of change detected by the frequency- 
change-amount detecting means. 

2. A group-velocity-dispersion measuring device ac- 
cording to claim 1 characterized in that: 

the chirped light generating means has a fre- 
quency-shifting element for shifting the fre- 
quency, and feeds back frequency-shifted dif- 
fraction light to generate the frequency-chirped 
light beams. 



3. A group-velocity-dispersion measuring device ac- 
cording to claim 1 or 2 characterized in that: 

the chirped light generating means has a ring 
5 cavity in which a gain medium, an excitation 

light source, a optical coupler, and a frequency- 
shifting element are connected in a ring shape. 

4. A group-velocity-dispersion measuring device ac- 
10 cording to one of claims 1 to 3 characterized in 

that: 

the chirped light generating means generates 
the frequency-chirped light whose frequency 
15 varies at a rate equal to the frequency shift 

amount which the frequency-shifting element 
applies to an optical wave in the ring cavity per 
cycle of the cavity. 

20 5. A group-velocity-dispersion measuring device ac- 
cording to claim 3 or 4 characterized in that: 

the chirped light generating means further com- 
prises a band-bass filter to tune the oscillated 
25 wavelengths of the frequency-chirped light 

beams. 

6. A group-velocity-dispersion measuring device ac- 
cording to claim 3 or 4 characterized in that: 

30 

the chirped light generating means uses an 
acousto-optic tunable filter as the frequency- 
shifting element, and tunes the oscillated wave- 
length using the driving frequency of the filter. 

35 

7. A group-velocity-dispersion measuring device ac- 
cording to claim 3 or 4 characterized In that: 

the chirped light generating means uses an all- 
40 fiber acousto-optic modulator using an optical 

fiber as a medium as the frequency-shifting el- 
ement to allow the measuring device to have 
an all-fiber configuration. 

45 8. A group-velocity-dispersion measuring device ac- 
cording to claim 1 characterized in that: 

the chirped light generating m^ans comprises: 

50 a f req uency-chirped light source whose os- 

cillated frequency is shifted with time; and 
an optical-branching coupler for branching 
light emitted from the frequency-chirped 
light source, applying a delay to one light 
55 beam, and coupling the one light beam with 

the other light beam, 

to generate at least two frequency-chirped 
light beams. 
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9. A group-velocity-dispersion measuring device ac- 
cording to one of claims 1 to 8 characterized in 
that: 

the frequency-change-amount detecting 5 
means comprises 

spectrum observing means for observing the 
spectral profile of a beat signal; and 
center-frequency detecting means for detect- 
ing the center frequency of the beat signal by io 
approximating the spectral profile observed by 
the spectrum observing means, 
and the frequency-change-amount detecting 
means detects the amount of change of the 
beat frequency from the shift between the cent- is 
er frequencies obtained before and after the 
frequency-chirped light propagates through the 
optical fiber under test. 



a step of propagating the frequency-chirped 
light beams, generated in the step of generat- 
ing, through an optical fiber under test; 
a step of detecting the amount of frequency 
change of the beat signals generated between 
chirped light beams obtained before and after 
propagation; and 

a step of detecting the group-velocity-disper- 
sion value of the optical fiber under test based 
on the detected amount of change. 

I. A group-velocity-dispersion measuring method ac- 
cording to claim '12 characterized In that: 

the step of detecting detects the amount of 
change of the beat frequencies generated be- 
tween adjacent frequency components or fre- 
quency components that are further apart. 



10. A group-velocity-dispersion measuring device ac- 20 
cording to one of claims 1 to 9 characterized in 
that: 

the frequency-change-amount detecting 
means comprises: 25 



first detecting means for detecting a beat 
frequency obtained before the frequency- 
chirped light propagates; 
second detecting means for detecting a 30 
beat frequency obtained after the frequen- 
cy-chirped light propagates; and 
switching means for switching between the 
first and second detecting means, 
and detects the shift between center fre- 35 
quencies obtained before and after the fre- 
quency-chirped light propagates, by 
switching with the switching means. 



11. A group-velocity-dispersion measuring device ac- ^0 
cording to one of claims 1 to 10 characterized in 
that: 



the frequency-change-amount detecting 
means comprises first and second frequency 45 
counters for measuring the center frequencies 
of self-beat signals of light beams obtained be- 
fore propagation and after propagation through 
the optical fiber under test. 

50 

12. A group-velocity-dispersion measuring method 
comprising: 

a step of generating at least two frequency- 
chirped light beams at a predetermined fre- ss 
quency interval, or a plurality of frequency- 
chirped light beams at equal frequency inter- 
vals; 
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